Background-Patients with atrial fibrillation usually are elderly and may have cognitive dysfunction. These patients may receive less effective oral anticoagulation, resulting in more vascular events and bleeding. Methods and Results-In an analysis of cognitive function associated with the time in therapeutic range (TTR) in the Atrial Fibrillation Clopidogrel Trial With Irbesartan for Prevention of Vascular Events, 2510 patients (mean age, 71Ϯ9.5 years) from 27 countries completed the Mini-Mental State Examination (MMSE). Of these patients, 171 (6.8%) had an MMSE score Ͻ24, suggesting dementia, and 194 (7.7%) had intermediate scores of 24 to 25. Low MMSE scores were correlated with a low TTR. Even mild cognitive impairment was associated with a TTR below the median (Ͻ65%).
O ral anticoagulation with a vitamin K antagonist reduces stroke in patients with atrial fibrillation (AF), particularly if international normalized ratio (INR) values are maintained between 2.0 and 3.0. INR values Ͼ2.0 are associated with an increased risk of stroke, [1] [2] [3] [4] and INR values Ͼ3.0 are associated with an increased risk of bleeding. 1, [5] [6] [7] [8] [9] [10] [11] Unfortunately, maintaining an INR value between 2.0 and 3.0 is difficult.
The time in therapeutic range (TTR), an estimate of the duration of time spent within a prespecified INR target, is a measure of anticoagulation quality. Low TTR values (Ͻ60%) are associated with more strokes, more vascular events, and more bleeding. [12] [13] [14] In the Atrial Fibrillation Clopidogrel Trial With Irbesartan for Prevention of Vascular Events (ACTIVE-W), half the patients had a TTR Ͻ65%. In clinical research trials of patients with AF, TTR values as high as 66% to 68% have been reported. [15] [16] [17] However, in the ordinary practice setting, TTR values are considerably lower, averaging 57%. 17 Most patients with AF are elderly and may have an increased risk of cognitive dysfunction. 18 Treatment with oral anticoagulants in these patients presents special challenges, considering the periodic changes in dosing based on at least monthly laboratory studies. These patients may not take medications as prescribed and may be unaware of drug or food interactions. The effect of cognitive impairment on TTR is not known. We hypothesized that patients with AF and cognitive dysfunction, as assessed by the Mini-Mental State Examination (MMSE), would have less effective anticoagula-tion as measured by TTR. As a consequence of less effective anticoagulation, they should have more vascular events and more bleeding. To evaluate the relationship between cognitive function and TTR, we analyzed patients enrolled in the ACTIVE-W who received oral anticoagulation.
WHAT IS KNOWN
• Oral anticoagulation is effective at preventing stroke and systemic emboli in patients with atrial fibrillation if the international normalized ratio is kept between 2.0 and 3.0.
WHAT THE STUDY ADDS
• A low score on the Mini-Mental Status Examination is a powerful predictor of an out-of-range international normalized ratio, and these patients require extra efforts to maintain effective anticoagulation. • Other factors predicting an out-of-range international normalized ratio are region of the world, recent initiation of oral anticoagulation, oral anticoagulants other than warfarin, and concurrent use of amiodarone or insulin.
Methods

Participants
The results of ACTIVE-W have been published and have shown the superiority of warfarin compared with clopidogrel plus aspirin in stroke prevention in AF. 19 Patients were eligible for ACTIVE-W if they had electrocardiographic evidence of AF and at least one of the following risk factors: (1) on treatment for systemic hypertension;
(2) a prior stroke, transient ischemic attack, or non-central nervous system (CNS) embolism; (3) left ventricular dysfunction; (4) peripheral vascular disease; (5) Ն75 years of age; or (6) 55 to 74 years of age with either diabetes mellitus requiring therapy or with a previous myocardial infarction (MI) or documented coronary artery disease. Patients randomized to oral anticoagulation were managed by local practice guidelines either by individual physician offices or by anticoagulation clinics with at least monthly INR testing. For this study, the recommended INR goal was 2.0 to 3.0, consistent with published guidelines. 19a The method of anticoagulation control, either by office practice or anticoagulation center, was determined by each investigator. The trial was performed in 522 centers from 31 countries around the world. The trial was approved by local ethics boards, and all patients provided informed consent for entry.
Procedures
For this analysis, a modification of the TTR 20 was used to estimate the quality of anticoagulation. This method interpolates all available INR values to calculate the percentage of days when the INR is between 2.0 and 3.0. INR values obtained when patients had permanently discontinued oral anticoagulation therapy or had temporarily discontinued it for Ͼ1 week (eg, for an invasive procedure) were not included in this analysis. The modified MMSE used in ACTIVE is a questionnaire comprising 30 questions that assess cognitive function. 17 The questionnaire takes about 10 min to complete and was administered by study personnel at the time of randomization. MMSE data were collected in all English-speaking countries and in countries where a licensed translator in the local language was available. A copy of the MMSE used in ACTIVE is included in the supplemental Appendix (available online at http://circoutcomes.ahajournals.org). Values Ͻ24 are associated with dementia; values of 24 to 25 are associated with a high likelihood of the development of dementia within 3 years. 21 Vascular events, including stroke, non-CNS embolism, and MI, were classified based on established guidelines by an events committee blinded to treatment assignment. Major and minor bleeding events were defined in a previous report. 19 
Statistical Analysis
Differences in baseline characteristics by TTR were compared using t test for continuous variables and 2 tests for discrete characteristics. Outcomes by level of MMSE were compared using Cox regression both with and without adjusting for TTR. Models to predict a high (Ն65) or low (Ͻ65) TTR used a logistic mixed-model treating center as a random effect to adjust for the correlation of TTR by center. A multivariable logistic model was used that included the following variables identified based on known clinical relevance: female sex; MMSE score; persistent AF; systemic hypertension; left ventricular dysfunction; AF duration; heart failure; diabetes mellitus; history of bleeding; systolic blood pressure; heart rate; Congestive heart failure, Hypertension, Age, Diabetes, prior Stroke 2 (CHADS 2 ) score (the commonly used risk stratification scheme that assigns 1 point for congestive heart failure, hypertension, age, and diabetes and 2 points for stroke); baseline use of oral anticoagulation; baseline aspirin use; baseline angiotensin-converting enzyme inhibitor use; baseline use of calcium channel blockers; baseline amiodarone use; baseline insulin use; type of vitamin K antagonist used during the trial; creatinine clearance Ͻ30 mL/h; ethnicity; and income level. A backwards variable selection was used to select among these clinically relevant factors, where the model begins with all factors included and then eliminates the least significant one and repeats until the final model. Backwards selection was used to error on the side of being inclusive in the model. No prior analyses of this type have been done previously, and little a priori knowledge was available about the predictors to include in these models. The significance criteria P to remove was 0.05.
Results
The ACTIVE-W study included 3371 patients with AF who received oral anticoagulation from 522 centers from 31 countries. A total of 2510 (74.5%) ACTIVE patients with complete baseline measurements, including the MMSE, form the basis of this report. The MMSE was not performed in 861 (25.5%) patients because either the entire site did not participate (nϭ526, 15.6%) or the individual patient did not participate (nϭ335, 9.6%). Reasons for the patient nonparticipation was due to either patient refusal (nϭ45) or lack of a translated version or logistical issues (nϭ285). The reason for lack of patient participation was unknown in 5 patients. Because the reasons for nonparticipation largely were related to site decision or language issues, all missing data were treated as missing completely at random, and the data from the nonparticipating patients were omitted from this analysis. The mean age of patients in this report was 71Ϯ10 years; 34.5% were women; and the mean CHADS 2 score was 2.0Ϯ1.1. During a mean follow-up of 1.3 years, the median TTR was 65% (25th percentile, 47%; 75th percentile, 80%).
Relationship of Cognitive Impairment and TTR
A low score on the baseline MMSE correlated with a low TTR. For every 1-point decline in the MMSE score between 30 and 25, there was a 1-point reduction in TTR. MMSE scores Յ24 were associated with even larger reductions in TTR ( Figure 1 ). The mean TTR for patients with an MMSE score Յ24 was 58.3Ϯ1.7. There were 171 (6.8%) patients with an MMSE score Ͻ24, suggesting dementia, and 194 (7.7%) with a score of 24 to 25, indicating a high likelihood of future dementia.
Other Predictors of TTR
After establishing that the baseline MMSE score was correlated with TTR, other factors affecting TTR were analyzed. Demographic and other baseline variables were compared between patients with a TTR Ն65% (median) and patients with a TTR Ͻ65% (Table 1 ).
Multivariable Analysis
A multivariable analysis was performed to identify independent predictors of TTR ( Figure 2 ). MMSE was an independent predictor of TTR. Region of the world was a strong predictor of TTR. Prior use of oral anticoagulants, the type of vitamin K antagonist, and baseline use of insulin or amiodarone predicted the TTR. After adjusting for these independent variables, MMSE score remained a powerful predictor of TTR.
Relationship of Cognitive Impairment and Vascular Events and Bleeding
Reduced MMSE scores were associated with an increased risk of vascular events and bleeding. Because MMSE scores Ͻ26 predicted current or future dementia, the risk of clinical events and bleeding was compared between patients with MMSE scores Ͻ26 and patients with MMSE scores Ն26 ( Table 2) . For patients treated with oral anticoagulation, the composite of a stroke or non-CNS systemic embolism, vascular death, or MI occurred in 95 of 2145 patients with an MMSE score Ն26 compared to 29 of 365 patients with an MMSE score Ͻ26 (hazard ratio [HR], 0.46; 95% CI, 0.27 to 0.78; Pϭ0.002). Major or minor bleeding occurred in 187 of 2145 patients with an MMSE score Ն26 compared to 42 of 365 patients with an MMSE score Ͻ26 (HR, 0.56; 95% CI, 0.37 to 0.85; Pϭ0.04). After adjusting for TTR, the MMSE score no longer conferred excess risk, suggesting that in patients with cognitive dysfunction, excess events are not due to other variables. To evaluate the predictability of MMSE score in patients who did not receive vitamin K antagonists, a separate analysis was performed in the 2483 patients assigned to clopidogrel plus aspirin ( Table 2) . Vascular events were also more common in patients with a low MMSE score who were assigned to clopidogrel plus aspirin. The composite of a stroke or non-CNS systemic embolism, vascular death, or MI occurred in 134 of 2127 (5%) patients with an MMSE score Ն26 compared to 34 of 356 patients with an MMSE score Ͻ26 (HR, 0.64; 95% CI, 0.44 to 0.93; Pϭ0.02). Major or minor bleeding occurred in 187 of 2127 patients with an MMSE score Ն26 compared to 43 of 356 patients with an MMSE score Ͻ26 (HR, 0.84; 95% CI, 0.46 to 1.51; Pϭ0.55).
Discussion
There are 4 major findings in the present study. In patients with AF who received vitamin K antagonists, (1) cognitive dysfunction was common in a clinical trial requiring informed consent;
(2) the score of the MMSE performed at baseline correlated with poorer anticoagulation control during the 1.3 years of follow-up, with even mild cognitive dysfunction associated with a belowmedian TTR; (3) the relationship between MMSE and TTR was evident even after controlling for other independent predictors of anticoagulation control; and (4) patients with low MMSE scores had an increased risk of vascular events and bleeding. In patients assigned to oral anticoagulation, the MMSE score no longer conferred increased risk when controlling for TTR, suggesting that in patients with cognitive dysfunction, excess events could be reduced by improved anticoagulation. However, a low MMSE also conferred increased risk for patients assigned to clopidogrel plus aspirin for reasons that still are not clarified.
The idea that impaired cognitive function should be associated with less effective anticoagulation is clinically intuitive but not well documented in practice. Oral anticoagulants are complex medications. Effective use requires daily compliance, periodic adjustment of dose, and a knowledge of drug and food interactions. These variables may be difficult to comprehend for elderly patients with cognitive dysfunction. Hence, a low MMSE score may result in a low TTR. However, although our data establish a relationship between MMSE and TTR, cause and effect cannot be inferred. An alternative explanation is that patients with a low TTR are those who take medications improperly, resulting in a high rate of MI or stroke that results in cognitive dysfunction. Patients with a low TTR may forget to take prescribed proton pump inhibitors or may take nonsteroidal antiinflammatory agents, which lead to excess bleeding, against recommendation. To identify patients with cognitive dysfunction, we used the MMSE, which has been in use since 1975 18 and has gained international acceptance as a simple method for evaluating memory loss and cognitive function. Scores Ͻ24 are suggestive of dementia, and scores of 24 or 25 are associated with an increased risk of developing dementia within 3 years. 21 One previously reported single-center study of 152 patients receiving acenocoumarol for AF reported a relationship between MMSE scores and suboptimal anticoagulation control (defined as an INR of 2.0 to 3.4 Յ70% of the treatment time). Patients with an MMSE score Ͻ23 had in-range INRs in 68% of the 1 year before administration of the MMSE. Patients with an MMSE Ն23 had in-range INRs during 76% of the treatment time. 22 The current study is in agreement with these findings. In addition, this study dem- Figure 2 . Log odds ratio predicting a low or high TTR from the multivariable model. Low and high TTR refer to below or above the median TTR of 65% in this analysis. A log odds ratio of 2 means that a patient is twice as likely to have a TTR below the study median if the risk factor is present. OAC indicates oral anticoagulant; OR, odds ratio. 
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onstrates that even mild cognitive dysfunction is associated with lower TTR. A strong correlation exists between the degree of cognitive dysfunction and the level of TTR; thus, MMSE score is a predictor of TTR independent of other factors. The number of patients potentially affected by these findings is substantial. The prevalence of AF rises with age and exceeds 5% in patients Ͼ70 years. Approximately 10% of patients Ն85 years have AF. 23 Cognitive dysfunction also is more prevalent in the elderly population. 24 A large population-based study 24 has shown that the median MMSE score is 27 for subjects 70 to 74 years of age. For subjects Ն85 years, the median MMSE score is 25. Twenty-five percent of subjects 70 to 74 years of age have an MMSE score Ͻ24, and the percentage in the lower quartile increases with age. In the current analysis, the average age of patients was 71 years, and the average MMSE score was 27.9; only 6.8% of patients had an MMSE score Ͻ24, which is a lower percentage than that in the population-based study. This result likely is due to exclusion of patients with obvious dementia or other factors that affect participation in a clinical trial. In clinical practice, the number of patients with AF and cognitive dysfunction likely is considerably greater. The impact of cognitive impairment on drug adherence, especially in elderly patients, is a major public health challenge and is accentuated with drugs such as oral anticoagulants that require care in taking the medication as prescribed, having regular monitoring, and being aware of potential interactions with other drugs.
AF itself is independently associated with cognitive dysfunction. 25 The explanation for this association is uncertain. Silent cerebral infarction is common in patients with AF. 26, 27 Neuroimaging studies have shown asymptomatic brain infarction to be common in the elderly general population. 28 Patients with asymptomatic brain infarction are at increased risk of stroke and cognitive decline. 29 Regardless of the cause, a patient with AF and cognitive dysfunction appears to have a high risk of vascular events and a high risk of bleeding.
This study has a few limitations. The MMSE is an acceptable screening tool for cognitive dysfunction but is oriented to memory function. Low MMSE scores may be related to age, sex, and underlying depression and not necessarily to cognitive dysfunction. 30 There may be educational or cultural biases that affect the MMSE. The tool was the only test for cognitive dysfunction, but multiple tests may better identify patients at risk for dementia. 31 The MMSE was administered only once and only at baseline and did not account for variability in test results of a single cognitive task administered on one occasion. 32 Finally, patients with clinically recognized cognitive dysfunction generally are not recruited into clinical trials like ACTIVE-W; however, the proportion of patients with cognitive impairment or dementia is likely to be higher in clinical practice and, therefore, our study may have underestimated the magnitude of the problem of underanticoagulation due to poor cognitive function.
Our study has several strengths. To our knowledge, it is by far the largest study of cognitive impairment in patients with AF. Its size, the involvement of multiple countries, and the collection of prospective data of the levels of anticoagulation and events make it both unique and applicable to the AF population in general.
In summary, the MMSE, a screening questionnaire to detect cognitive dysfunction, identified a substantial number of ACTIVE-W patients with cognitive impairment. These patients receive less effective anticoagulation, and there was a strong correlation between the level of cognitive impairment and the level of effective anticoagulation. Even patients with mild cognitive impairment received below-average anticoagulation. Patients with cognitive impairment had more vascular events and more bleeding, which may be reduced by high-quality anticoagulation. Other factors associated with poor INR control included region of the world, lack of prior use of anticoagulation, type of anticoagulant, and baseline use of amiodarone or insulin. After adjusting for these factors, the MMSE remained an independent predictor of ineffective anticoagulation. The MMSE is an effective screening tool for the identification of patients with AF who may need additional efforts to maintain high-quality anticoagulation.
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